Introduction
Geographical inequalities in mortality are important, and exist not only between countries, but also within countries (Eurostat, 2009) . Regional mortality reflects the overall health status of the population in a region (e.g., Ezzati et al. 2008; Strohmeier et al. 2007 ). It is a frequently used public health indicator, and constitutes important information for health policy makers. Regional population forecasts, on which public planning is based, also require knowledge of differences in regional mortality. Regional mortality differences may result from differences in the composition of regional populations, according to attributes associated with different mortality risks (e.g., age, socioeconomic status, and lifestyle) and hence from the spatial concentration of individuals with adverse health risks. Furthermore, regional mortality differences may result from differences in area-level contextual factors, such as the availability of health care facilities or the physical environment (Diez Roux and Mair 2010) . However, it is often ignored that mortality rates and resulting regional mortality patterns can be biased as a result of selective migration flows as well (Bentham 1988; Boyle 2004; Veugelers and Hornibrook 2002) .
Migration is health-selective. At working age, movers tend to be healthier than stayers; at older ages moves are often related to a poor health (Boyle 2004) . As a result of health-selective migration, the place of residence where a death is recorded may not adequately reflect the individual's regional exposure over the life course (Bentham 1988; Boyle et al. 2002; Boyle 2004; Litwak and Longino 1987) . Consequently, selective migration may distort regional mortality rates and differences therein.
Previous studies on the interplay between mortality and migration focused on adult mortality and on the impact of selective migration on the extent of health inequalities. It appears that people in good health are attracted by more affluent regions, leaving those in poorer health behind. People moving away from more deprived areas are replaced by people with poorer health than those who left the region (Boyle et al. 2002; Boyle 2004; Brimblecombe et al. 2000; Connolly et al. 2007; Norman et al. 2005; Verheij et al. 1998) . In general, widening health and mortality inequalities across regions due to selective migration were observed at working ages (Boyle 2004; Brimblecombe et al. 2000; Connolly et al. 2007; Norman et al. 2005) . However, there is also evidence that migration does not influence, or does even-out area-level health inequalities (Ezzati et al. 2008; Jongeneel-Grimen et al. 2011) . Reasons for the latter case include the possibility that migration is less selective based on health, but more based on socioeconomic status. The choice of health indicator, time period, geographical level and age group can also determine whether migration influences area-level health inequalities (Boyle et al. 2002; Jongeneel-Grimen et al. 2011; Verheij et al. 1998) .
Given the differential relationship between health and migration across ages, the effect of selective migration on regional mortality differences is likely to change when considering old ages instead of adult ages. At older ages, moves are often related to a decline in health status (Bentham 1988; Boyle 2004 ). Litwak and Longino (1987) have proposed a distinction between three types of moves among the elderly. The first type of move is retirement migration, and is made while the mover still enjoys reasonable health and income at a relatively young age. A second type of move is associated with declining health status and moderate disability, which introduces the need for informal care. When severe disability occurs, a third type of move to a care institution for formal care may be required. Empirical research has found evidence that supports the relationship between health and migration in late life (e.g., Bloem et al. 2008; Grundy 2011; Uren and Goldring 2007; Wilmoth 2010) .
Migration at old age is less frequent than at working age, but is still substantial. The extent of old-age migration depends on several factors, such as regional scale, or age groups considered. Among the elderly, migration rates tend to be highest among the younger elderly, as well as among the older olds (Harrop and Grundy 1991; Sergeant et al. 2008) . Sergeant et al. (2008) -in their comparison of different studies involving those aged 55 years and over at different geographical scales in the USA-found migration rates of about 5-30% in a 5-year period among the elderly. Migration rates of about 30-35% for a 9-10 year period were found for elderly in the Netherlands and the United Kingdom (Bloem et al. 2008; Uren and Goldring 2007) .
Research on the interplay between migration and old-age mortality is comparatively scarce (Veugelers and Hornibrook 2002) . Though Connolly et al. (2007) found that selective migration contributed to increasing area-level health inequalities in England and Wales below the age of 75, the opposite was found for people aged 75 years and older. Other studies indicated that late-life migration into nursing care institutions can influence small-area mortality, due to the uneven distribution of these institutions and their tendency to attract a highly select group of frail people whose remaining life expectancy is low (Jonker et al. 2013; Veugelers and Hornibrook 2002) . Jonker et al. (2013) found that late-life migration into nursing care institutions "artificially" increases neighborhood-level mortality variation in the metropolitan agglomeration of Amsterdam.
The extent of the effect of late-life migration on mortality at different sub-national levels remains yet unknown.
Given that people still move at older ages and the strong relation of age to health, old-age migration has the potential to distort the observed regional old-age mortality rates and existing regional differences therein. Regional mortality differentials exist at all ages, including old age (Caselli and Lipsi 2006; Eurostat 2009; Luy 2006) .
Because of the growing importance of old-age mortality in overall mortality-with currently more than half of deaths taking place after the age of 75 in Western countries (Human Mortality Database 2012)-a potential bias of old-age mortality due to late-life migration may even exert its influence on overall mortality measures such as life expectancy at birth.
This study seeks to assess whether or not internal migration in late life has the potential to distort the regional old-age mortality rates and differences therein. We examine the case of the Netherlands and distinguished different regional levels.
In our discussion, we contribute to a generalization for other country settings. The Netherlands exhibits important regional mortality differences, which persist into older ages (Deuning and den Hertog 2012; Eurostat 2009 ). Regional migration patterns of elderly people in the country are rather extreme at the small-area level. These migration patterns appear to be correlated with the unequal availability of care facilities across municipalities (Fokkema and van Wissen 1994; Rees et al. 1998 ).
This study is based on the entire population aged 80 years and over, in the Netherlands. Individuals and their migration over time can be traced by making use of the national population register (Prins 2000) . We examined the interplay between migration and mortality at regional levels for people aged 80 years and above. For this age group, migration is still substantial, and can be considered health-related in the majority of cases (Wilmoth 2010) . Apart from the full population sample, another specific contribution of this study is the distinction of different geographical levels in the study of the possible migration-induced distortion of regional mortality rates and patterns.
Data & methods
In our study, we focus on the effect of late-life migration on regional mortality levels and differences therein for people aged 80 and over in the period 2002-2006 for the Netherlands. We distinguished three regional levels according to the European Nomenclature of Territorial Units for Statistics (NUTS; NUTS 1: 3-7 million, NUTS 2: 0.8-3 million, NUTS 3: 0.15-0.8 million; Eurostat, 2007) . The three regional levels studied refer to the Dutch NUTS 2 regions (provinces; N=12; average population size in 2006: 1.36m), NUTS 3 regions (N=40; average population size in 2006: 0.41m) and municipalities (N=431 in 2010; average population size in 2006: 38000). Through the Dutch population register, information on individuals' age, sex, place of residence, date of death and migration history was retrieved. The Dutch population register has the advantage of covering all those who reside in the Netherlands (Prins 2000) .
Mortality rates are calculated by dividing the number of deaths by the exposure time. People enter the study population when they are aged 80 years or above before January 1, 2002, or from the moment they turn 80, between January 1, 2002 and December 31, 2006. Age is defined as the age reached during the year. Exposure time is measured in months. Mortality, migration and birthdays are assumed to take place in the middle of a month. People leaving the country are right-censored, and contribute to the exposure until the time of emigration. Likewise, immigrants contribute to the population exposure from the time of entry into the country. Effects of international migration are negligible in this study, as less than 1% in the age group under study immigrated or emigrated.
Mortality rates that are conventionally calculated (referred to as observed mortality rates) are contrasted with mortality rates in which moves that take place close to death are disregarded (referred to as hypothetical mortality rates). We chose to consider moves that took place three years or less before the last observation point, which is either the date of death or December 31, 2006, for those who were alive. The choice of three years as a threshold follows from our aim to capture all health-related moves, and a comparison of the timing of moves within the five years before the last observation between those who died and the survivors. For this comparison, additional migration data over the period 1997-2006 was used. Among survivors, 69% of the moves in the five years before the last observation were made in the three years before the last observation, and hence, 31% of the moves were made four or five years before the last observation. Among those who died, however, the respective percentages where 74% and 26%. This indicates that among those who died, more moves took place more recently, i.e. closer to the last observation, than among the survivors.
For the calculation of the hypothetical mortality rates, both deaths and person years were shifted to the region where the persons lived three years prior to death, in case migration had occurred in the three years prior to death. In order to capture changes in place of residence correctly among survivors and non-survivors, we also considered the moves in the three years before death of those dying in the period [2007] [2008] [2009] . In the case that someone died in the period [2007] [2008] [2009] , and moved in the three years before death, the person years lived in the study period were adjusted if the move took place in the period 2004-2006. In order to assess the influence of migration movements prior to death, we compare the percentage of people aged 80 years and above who moved in the three years prior to the last observation by different regional level, by sex, and by whether or not they died in 2002-2006, or survived. We compare the observed and hypothetical mortality rates through directly agestandardized death rates for the population aged 80 years and above (SDRs, per 1,000 population). For this purpose, the rates are calculated in 5-year age groups with age group 95 or more years as the highest age group, by sex and by region. The Dutch sexspecific population aged 80 years or over in 2002-2006 is used as the standard. If the observed SDR is greater than the hypothetical SDR, this means that people moved into the region and died there. Mortality is then higher, compared to what normally takes place in the absence of such moves. We plot the percentage difference between observed and hypothetical SDRs and check for significant differences by comparing the 95% confidence intervals (CI) of observed and hypothetical SDRs per regional unit. SDRs were not considered if the total number of deaths was less than 15 in a municipality for men or for women and in any scenario. This affected the municipalities Schiermonnikoog, Vlieland and Rozendaal, resulting in 428 municipalities with valid SDRs.
A comparison of regional mortality patterns is made for the observed and hypothetical SDRs by examining how many and which regions had SDRs significantly different from the Dutch average, based on 95% confidence intervals. In addition, we assess whether the regional mortality variation differs significantly between the observed and hypothetical situation by means of the F-test of equality of variance, based on population-weighted standard deviation of the SDR. The population-weighted standard deviation is calculated by weighting the SDR in the regions with respective sex-specific population size at age 80 years and above. Figure A .1 shows a map of all NUTS 2 and NUTS 3 regions in the Netherlands.
Results

Old-age migration intensities
The migration intensity among people aged 80 years or older in the three years prior to the last observation differs greatly according to the regional borders that are crossed (Table 1) . Whereas 1.5% of men and 1.8% of women moved to another NUTS 2 region, 2.3% and 2.7% respectively moved to another NUTS 3 region and 5.2% (6.4%) moved to another municipality. In addition, there are clear differences in migration intensities between those who died in 2002-2006 and those who survived until the end of the observation period. The migration intensity of the non-survivors is more than 50% higher compared to survivors, and even more than twice as high for those crossing municipality borders. Women move more frequently than men. 
Differences in regional old-age mortality levels: Observed versus hypothetical situation
The Relative differences between observed and hypothetical SDRs in the municipalities are shown in Figure 1 . For men and women, 192 (45%; 119 higher, 73 lower) and 226 (53%; 128 higher, 98 lower) of the 428 municipalities respectively encountered differences of more than ±5% in the mortality rates between observed and hypothetical mortality situations. A difference of more than ±10% between observed and hypothetical mortality rates occurred in 84 (20%; 53 higher, 31 lower) municipalities among men and in 109 (26%; 70 higher, 39 lower) municipalities among women. Men encountered smaller relative differences than did women. Few significant differences in mortality rates are observed. One municipality in the case of men and six municipalities in the case of women experienced a significant difference between the observed and hypothetical mortality rates.
Figure 1:
Percentage difference between observed and hypothetical SDR at ages 80 and above in the Dutch municipalities studied, by sex (dark shading refers to more than ±5% difference between observed and hypothetical SDRs)
While pronounced differences between observed and hypothetical SDRs are seen at the level of small areas, at the NUTS 2 and NUTS 3 levels only differences of less than ±5% between observed and hypothetical SDRs were encountered ( Figure A. 2).
Differences in regional old-age mortality patterns: Observed vs. hypothetical situation
Differences between the observed and hypothetical SDRs are also related to regional mortality patterns. There are clear regional differences in old-age mortality at the municipality level in the Netherlands over the period [2002] [2003] [2004] [2005] [2006] (Figure 2 ; left plots). Among men, 33 of the 428 municipalities have SDRs significantly (5% level) below the average of 136 deaths per 1000, and 32 municipalities have SDRs significantly above. Among women, the average SDR is 108, and 74 and 50 municipalities respectively exhibit significantly different values below and above the Dutch average. If late-life migration among those who died in the observation period is disregarded (Figure 2 ; right plots), the regional mortality pattern at the municipality level changes considerably, with far fewer regions experiencing significant differences, compared to the average level. For men, this results in 22 and 17 municipalities with mortality patterns that are significantly below or above the average, respectively. For women, the numbers are 36 and 15 respectively.
For 56 of the municipalities, in the case of men, and 96 municipalities for women, a comparison with the Dutch average yields different results before and after disregarding migration among the non-survivors-mostly from a significant difference to a non-significant difference (39 and 84 for men and women respectively).
At the NUTS 3 level (N=40; Figure A. 3), there are some differences in the regional mortality pattern in the conventional approach as compared to the hypothetical approach, with three regions among men and nine regions among women experiencing a change in significant difference, compared to the average. Overall, the number of regions experiencing either significantly lower or higher mortality than average remains approximately similar.
At the provincial level (NUTS 2; N=12; Figure A .4), there are no differences between the observed and hypothetical regional mortality patterns for females; three provinces are significantly below and above the Dutch average in both approaches. Among men, the conventional situation reveals six provinces with mortality significantly below the Dutch average and three provinces with mortality significantly above the Dutch average. In the hypothetical scenario, the province of North Holland no longer displays a SDR significantly below the Dutch average.
Small-area mortality variation, as expressed by the population-weighted standard deviation, is much greater across municipalities than across NUTS 3 and NUTS 2 regions (Table 2 ). Mortality variation across municipalities is significantly lower when the hypothetical old-age mortality rates rather than the observed rates are considered (significance level 0.1 for men, 0.001 for women). Mortality variation across NUTS 2 and NUTS 3 regions does not significantly differ between scenarios. 
Summary of results
Internal migration intensities among those aged 80 years and over in [2002] [2003] [2004] [2005] [2006] in the three years prior to the last observation are higher between municipalities than between NUTS 3 and NUTS 2 regions, higher for women than men, and higher for those who died in the observation period. Almost half of the municipalities demonstrate differences of more than ±5% between the observed and hypothetical mortality rates. Only a few municipalities have SDRs that significantly differ between the observed situation and the hypothetical scenario. However, the mortality patterns differ between the scenarios. Many of the municipalities, whose observed mortality rates differ significantly from the Dutch average, display no significant difference from the Dutch average in the hypothetical situation. Further, the regional mortality variation across the municipalities decreases significantly if migration prior to death is disregarded. Greater differences between the scenarios are observed for women as compared to men.
The comparison between observed and hypothetical mortality rates across NUTS 2 and NUTS 3 regions yields small and statistically insignificant differences. Also, nonsignificant differences are present in the regional mortality variation across NUTS 2 and NUTS 3 regions between the observed and hypothetical situation.
Our results show that late-life migration has the potential to distort regional oldage mortality. This distortion is evident at the municipality level, and demonstrates itself more clearly in terms of changes in regional mortality patterns than in terms of differences in regional mortality levels.
Sensitivity analysis
In the hypothetical scenario, we disregard changes in the place of residence in the three years before death for those dying during the observation period 2002-2006. We chose a 3-year period before death because of our aim to include all health-related moves and because of the different timing of moves among survivors and those who died. Among those who died, more moves took place more recently, i.e. closer to the last observation, than among survivors. As mentioned before, considering the moves that took place in a 5-year period before the last observation, 74% of all moves made among those who died and only 69% of all moves made among survivors took place within three years before the last observation. A sensitivity analysis with a migration threshold of one year before death-a value often referred to in view of declining health in the life course as health care costs increase sharply in the last year of life (Polder et al. 2006 )-was undertaken. Moves of those who survived until the end of 2006, the end of our study period, but died in 2007, were again considered as moves among survivors. The results of this sensitivity analysis show smaller migration intensities and smaller differences between mortality rates in the observed situation and the hypothetical scenario. In the sensitivity analysis, the regional mortality pattern, showing significant mortality differences from the Dutch average, showed fewer differences between the observed situation and the hypothetical scenario, compared to the main analysis. When comparing the observed and hypothetical mortality rates in the sensitivity analysis, no statistically significant differences were observed between them. However, mortality variation across the municipalities in the hypothetical scenario still decreased significantly, compared to the conventional calculation of mortality rates, and thus leads to the same conclusions as in the main analysis.
Explanations of the observed results
Selective migration and health
We observed that people nearing death move more frequently than survivors. By looking at some background characteristics, we see that migrants differ in several mortality-relevant aspects from the non-migrants. Migrants are, on average, older than non-migrants. The age difference is more pronounced among men than among women. Migration intensity is lowest among those married, and highest among those widowed. Migration intensity is lowest among members of two-person households. It is high among those who encounter changes in marital status and when changes in the household composition occur.
These individual and household characteristics are interrelated and can, for a large part, be related to an adaptation of residence once the elderly come to live alone. This might either be a move to a smaller flat when the partner passes away, or a move to nursing care institutions or to their family because of the need for care (Bloem et al. 2008; Grundy 2011; Litwak and Longino 1987; Uren and Goldring 2007; Wilmoth 2010) .
Distortion explained by the regional distribution of nursing care institutions
We observed a possible distortion of old-age mortality patterns across the municipalities, as indicated by significant mortality differences from the Dutch average. Apart from personal characteristics, this seems to be related to the availability and spatial distribution of care institutions, which can influence the direction of migration flows at older ages (Gandarillas et al. 2011; Harrop and Grundy 1991) . Moves to nursing care play a major role at old age when health deteriorates (Bloem et al. 2008; Grundy 2011; Uren and Goldring 2007; Wilmoth 2010) and it has been shown for very small area units, that the unequal distribution of nursing care institutions can indeed confound the mortality level (Gandarillas et al. 2011 In the Netherlands, a considerable share of the population aged 80 years and above (11% of men and 20% of women) resides in nursing care institutions (Statistics Netherlands, Statline 2012), where mortality is higher than among the noninstitutionalized population (Grundy 2011; Jonker et al. 2013; Shah et al. 2013; Veugelers and Hornibrook 2002; Williams et al. 2004) . Of all deaths of those aged 80 and above, 23% of all men and 53% of all women passed away in an institutional household. Nursing care institutions are, however, unequally distributed in the Netherlands, especially across municipalities (Deuning 2009 ).
Based on data on the number of beds in nursing care-only available at the municipality level and covering 321 out of 431 municipalities in the year 2009-we were able to examine the possible distortion of the regional distribution of nursing care institutions on regional old-age mortality (Deuning 2009 ). This additional analysis revealed that, across municipalities, the number of beds in nursing care homes in relation to the population aged 65 years and over in 2009 correlated significantly positively with the observed sex-specific SDRs. In the hypothetical SDRs, however, the correlation is greatly reduced and not significant among men. The hypothetical SDR is smaller than the observed SDR if the number of beds in a municipality is very high, reflecting elevated observed mortality as people move into nursing homes of the municipality in the last days of their life. Mortality risk factors are thus in fact more equally distributed than the observed SDRs imply. In combination with the knowledge that the availability of institutionalized nursing care is not equally distributed across the municipalities, this confirms our findings that regional mortality is more equally distributed if migration prior to death is disregarded.
Importance of regional level and migration intensity
We showed the possible distortion of regional old-age mortality due to late-life migration at different regional levels. A significant distortion of regional mortality patterns was apparent at the municipality level. At NUTS 3 and NUTS 2 levels, only few differences showed, which proved to be not statistically significant.
Two factors are likely to play a key role here. First, the availability of nursing care is more equally distributed at the more aggregate NUTS 3 and NUTS 2 levels as compared to the municipality level. Accordingly, the proportion of deceased aged 80 and older who have resided in an institutional household greatly varies across the municipalities (IQR men 17-28%, women 36-61%), but less so across NUTS 3 regions (IQR men 20-27%, women 48-58%), and with very little variation across provinces.
Secondly, the migration intensity is much lower at NUTS 3 and NUTS 2 levels, as compared to the migration intensity between the municipalities. Both factors combined do not seem to have the potential to significantly distort regional old-age mortality at the more aggregate levels.
Comparing observed and hypothetical old-age mortality levels and patterns therein, greater differences are found for women than men. The generally higher migration intensity of women might explain why more differences were found among women than among men.
Final conclusion and implications
Migration flows prior to death thus have the potential to significantly distort regional old-age mortality. For the municipalities of the Netherlands in 2002-2006 both the observed death rates and their regional variation proved to be influenced by migration. At least part of the difference in regional mortality between observed and hypothetical situations can be linked to the regional distribution of nursing care homes in the Netherlands, and the observed high migration intensities. Results by Jonker et al. (2013) point in the same direction for neighborhood mortality variation within Amsterdam. It appears that at municipality level, mortality risk factors are in fact more equally distributed than the observed mortality rates imply.
It should be noted that implications from this study are only applicable to other settings in which late-life migration is considered. This is because such migration is largely health-induced (Bloem et al. 2008; Uren and Goldring 2007; Wilmoth 2010) . Considering migration at younger ages would loosen the link to health decline and moving to care institutions, and would therefore most likely result in fewer differences between the observed and the hypothetical situation. For other countries, it is possible as well that health-related migration at old age may produce distortion of mortality levels and differences therein. The level of distortion will, however, be affected by the level of area aggregation, the associated level of migration intensity, and the regional distribution of nursing care homes. Other important factors are the potential role of nursing care or the family, as well as societal, medical and technical advances that enable prolonged independent living.
A possible distortion that migration may exert on regional old-age mortality differences is very likely to show its influence on regional differences in more general measures related to the health situation of a country, such as the life expectancy at birth and mortality irrespective of age. For example, under the mortality conditions in the Netherlands in the study period, a mortality decrease (increase) by 10% at all ages above 80 would lead to a change in male life expectancy at birth of 0.23 (-0.20) years and in female life expectancy at birth of 0.35 (-0.30) years. A 10% mortality difference above age 80 naturally exerts a stronger effect on remaining life expectancy at age 65. Life expectancy at age 65 among men would change by 0.27 (-0.24) years and among women by 0.39 (-0.34) years. Note that a fifth of the municipalities experienced a change of at least ±10% in male mortality and a quarter of the municipalities in female mortality.
Public health professionals who base their policy actions on sub-national mortality indicators or sub-national population forecasts for elderly people must be aware and cautious about the potential of bias due to migration, especially when small areas are addressed. 
